
Water Enters A 5-mm-diameter And 13-m-
long Tube At 45 Degree C With A
Velocity Of 0. 3 M/s. The Tube
Water Enters A 5-mm-diameter And 13-m-long Tube At 45 Degree C With A
Velocity Of 0. 3 M/s. The Tube is a common setup in thermal-fluid systems,
serving as a fundamental example for analyzing fluid flow, heat transfer, and
related phenomena in engineering applications. Understanding how water
behaves inside such a confined environment—whether it’s for cooling systems,
heat exchangers, or pipeline transport—is crucial for designing efficient and
safe systems. This article explores the various aspects of fluid flow and
heat transfer in a small-diameter tube, including flow characteristics,
temperature effects, pressure drops, and practical applications.

Understanding the Basic Parameters

Before delving into detailed analysis, it’s essential to clarify the key
parameters involved in this scenario:

Tube Dimensions and Material

Diameter: 5 mm (0.005 meters)

Length: 13 meters

Material: Typically metal (copper, steel, or aluminum), affecting
thermal conductivity and heat transfer, but specific material details
depend on application.

Water Properties at 45°C
At 45°C, water exhibits certain thermophysical properties vital for analysis:

Density: approximately 998 kg/m³

Dynamic viscosity: about 0.0011 Pa·s

Thermal conductivity: roughly 0.63 W/m·K

Specific heat capacity: about 3,770 J/(kg·K)



Flow Rate and Velocity

Flow velocity: 0.3 m/s

Flow type: Likely laminar or transitional, depending on Reynolds number

Flow Regime and Reynolds Number Analysis

Understanding whether the flow is laminar or turbulent helps predict pressure
drops, heat transfer rates, and system efficiency.

Calculating the Reynolds Number
The Reynolds number (Re) indicates flow regime and is calculated as:

Re = (ρ × v × D) / μ

Where:
- ρ = density of water (~998 kg/m³)
- v = velocity (0.3 m/s)
- D = diameter of tube (0.005 m)
- μ = dynamic viscosity (~0.0011 Pa·s)

Plugging in the values:

Re = (998 × 0.3 × 0.005) / 0.0011 ≈ (1.497) / 0.0011 ≈ 1361

Since Re ≈ 1361, the flow is in the laminar regime (Re < 2000). This
influences how heat transfer and pressure drop calculations are performed.

Heat Transfer Characteristics

The transfer of heat from the water to the tube walls or vice versa is
critical, especially in heat exchange applications.

Convective Heat Transfer Coefficient
- For laminar flow inside tubes, the Nusselt number (Nu) is often constant
under constant wall temperature or heat flux conditions.
- Typical Nusselt number for laminar flow with constant wall temperature: Nu



≈ 3.66.
- For constant heat flux, Nu varies; but for simplicity, assume Nu ≈ 4.

The convective heat transfer coefficient (h) can be estimated as:

h = (Nu × k) / D

Where:
- k = thermal conductivity of water (~0.63 W/m·K)
- D = diameter (0.005 m)

Calculating:

h ≈ (4 × 0.63) / 0.005 = 2.52 / 0.005 = 504 W/m²·K

This high heat transfer coefficient indicates efficient heat exchange,
typical for laminar flow in small tubes.

Temperature Profile Along the Tube
- The temperature of water increases or decreases depending on heat exchange
with the surroundings or tube walls.
- For a heat transfer analysis, energy balance equations considering inlet
temperature, heat flux, and flow rate are used.

Pressure Drop and Friction Losses

Pressure drops in the tube influence the required pumping power and system
efficiency.

Darcy-Weisbach Equation

ΔP = (4 × f × (L / D) × (ρ × v²) ) / 2

Where:
- ΔP = pressure loss
- f = Darcy friction factor
- L = length of the tube (13 m)
- D = diameter (0.005 m)
- ρ = density (~998 kg/m³)
- v = velocity (0.3 m/s)

Friction Factor Estimation
- For laminar flow, f = 64 / Re.



Calculating:

f = 64 / 1361 ≈ 0.047

Now, estimate pressure drop:

ΔP = (4 × 0.047 × (13 / 0.005) × (998 × 0.3²)) / 2

Calculations step-by-step:
- (13 / 0.005) = 2600
- 998 × 0.09 ≈ 89.82
- Numerator: 4 × 0.047 × 2600 × 89.82 ≈ 4 × 0.047 × 2600 × 89.82 ≈ (0.188) ×
2600 × 89.82 ≈ 488.8 × 89.82 ≈ 43,902.7
- Divide by 2:

ΔP ≈ 43,902.7 / 2 ≈ 21,951.35 Pa

The pressure loss is approximately 22 kPa, which needs to be overcome by the
pump in practical systems.

Practical Applications and Design
Considerations

Understanding the flow and heat transfer behavior in such a tube is critical
across various industries.

Cooling Systems
- Small-diameter tubes like this are often used in microchannel heat
exchangers, electronics cooling, and biomedical devices.
- Managing flow rates to optimize heat removal while minimizing pressure loss
is key.

Pipeline Transport
- For transporting water or other fluids over long distances, pressure drops
inform pump sizing and energy consumption estimates.
- Ensuring laminar flow can reduce energy costs but may limit heat transfer
efficiency.

Design Guidelines

Maintain flow velocities within laminar or transitional regimes based on
heat transfer needs.



Choose tube materials with appropriate thermal conductivity and
corrosion resistance.

Account for pressure drops in pump selection to ensure reliable flow
rates.

Implement insulation or external cooling to manage temperature profiles.

Conclusion

The analysis of water flowing through a 5-mm-diameter, 13-m-long tube at 45°C
with a velocity of 0.3 m/s reveals important insights into flow regimes, heat
transfer characteristics, and pressure losses. With a Reynolds number
suggesting laminar flow, heat transfer is efficient but pressure drops are
manageable with proper pump sizing. Such detailed understanding is essential
for designing effective thermal-fluid systems in a variety of engineering
applications. Whether in heat exchangers, electronic cooling, or fluid
transportation, considering these parameters ensures optimal performance,
energy efficiency, and system longevity.

Frequently Asked Questions

What are the key factors influencing water flow in a
5-mm-diameter, 13-m-long tube at 45°C with a
velocity of 0.3 m/s?
The key factors include the fluid temperature (which affects viscosity and
density), the tube's diameter and length (affecting flow resistance), and the
inlet velocity. Additionally, properties like pressure drop, Reynolds number,
and potential heat transfer effects are important in analyzing the flow
behavior.

How does the temperature of 45°C impact the flow
characteristics of water in the tube?
At 45°C, water has decreased viscosity and density compared to room
temperature, which reduces flow resistance and can lead to higher Reynolds
numbers. This temperature influences whether the flow is laminar or
turbulent, affecting pressure drop and heat transfer rates.

What is the significance of the tube diameter being



5 mm in analyzing the flow of water?
A 5-mm diameter indicates a small, narrow passage which increases flow
resistance and may lead to laminar flow conditions. It also influences the
Reynolds number and pressure drop, making flow characteristics sensitive to
minor changes in velocity or fluid properties.

How can the flow rate of water in this tube be
calculated given the inlet velocity and tube
dimensions?
The volumetric flow rate (Q) can be calculated using Q = A × V, where A is
the cross-sectional area of the tube (π × r²) and V is the inlet velocity
(0.3 m/s). For a 5-mm diameter, the area is approximately 19.63 mm², leading
to a flow rate of about 5.89 × 10⁻⁶ m³/s.

What are potential challenges in managing water flow
in such a small-diameter tube at 45°C?
Challenges include increased pressure drops due to high flow resistance,
potential for laminar flow leading to lower heat transfer efficiency, risk of
clogging or fouling due to particles or deposits, and managing thermal
stresses caused by temperature variations.

How would increasing the inlet velocity affect the
flow regime in the tube?
Increasing the inlet velocity would raise the Reynolds number, potentially
transitioning the flow from laminar to turbulent. Turbulent flow enhances
mixing and heat transfer but also increases pressure losses, requiring more
energy to maintain flow.

Additional Resources
Water Enters A 5-mm-diameter And 13-m-long Tube At 45 Degree C With A
Velocity Of 0.3 M/s. The Tube is a classic scenario in fluid mechanics and
heat transfer analysis, often used to illustrate the principles governing
laminar and turbulent flow, heat conduction, and convective heat transfer in
confined geometries. Understanding the behavior of water within such a small-
diameter tube at a specific temperature and flow velocity is fundamental for
designing efficient heat exchangers, microfluidic devices, and various
industrial piping systems. This article provides a comprehensive review of
the physical phenomena involved, the governing equations, flow regimes, heat
transfer characteristics, and practical considerations related to this setup.

---



Overview of the System

The scenario involves water flowing through a narrow tube of 5 mm diameter
and 13 meters length at a temperature of 45°C, with an inlet velocity of 0.3
m/s. The key parameters—diameter, length, temperature, and velocity—determine
the flow regime, heat transfer mode, and pressure drop across the tube.

Physical parameters:

- Tube Diameter (D): 5 mm (0.005 m)
- Tube Length (L): 13 m
- Inlet Water Temperature (T): 45°C
- Flow Velocity (V): 0.3 m/s

These parameters set the stage for analyzing flow characteristics, thermal
properties of water at this temperature, and the heat transfer behavior along
the tube.

---

Flow Regime Analysis

Understanding whether the flow is laminar or turbulent is critical, as it
influences heat transfer coefficients, pressure losses, and flow stability.

Reynolds Number Calculation

The Reynolds number (Re) is a dimensionless quantity indicating the flow
regime:

\[
Re = \frac{\rho \times V \times D}{\mu}
\]

Where:

- \(\rho\): Density of water at 45°C (~992 kg/m³)
- \(V\): Velocity (0.3 m/s)
- \(D\): Diameter (0.005 m)
- \(\mu\): Dynamic viscosity of water at 45°C (~0.0032 Pa·s)

Calculating Re:

\[
Re = \frac{992 \times 0.3 \times 0.005}{0.0032} \approx \frac{14.88}{0.0032}
\approx 4650



\]

Since the typical laminar-to-turbulent transition occurs around Re ≈ 2000, Re
≈ 4650 indicates turbulent flow within the tube.

Implication:

- Turbulent flow enhances mixing and heat transfer but increases pressure
drop.
- Design considerations must account for turbulent flow characteristics when
sizing pumps and estimating energy consumption.

---

Heat Transfer Characteristics

The heat transfer from water to or from the tube wall depends on multiple
factors, including flow regime, temperature difference, and thermal
properties.

Thermal Properties of Water at 45°C

| Property | Value |
|---|---|
| Specific Heat Capacity (\(c_p\)) | ~3,670 J/(kg·K) |
| Thermal Conductivity (\(k\)) | ~0.65 W/(m·K) |
| Dynamic Viscosity (\(\mu\)) | 0.0032 Pa·s |
| Density (\(\rho\)) | 992 kg/m³ |

These properties influence the calculation of Nusselt number, convective heat
transfer coefficient, and overall heat transfer rate.

Nusselt Number and Heat Transfer Coefficient

For turbulent flow in a smooth pipe, the Dittus-Boelter equation is often
used:

\[
Nu = 0.023 \times Re^{0.8} \times Pr^{n}
\]

Where:

- \(Nu\): Nusselt number
- \(Pr\): Prandtl number (~5.4 at 45°C)



- \(n\): 0.4 for heating, 0.3 for cooling

Calculating \(Nu\) for heating:

\[
Nu = 0.023 \times 4650^{0.8} \times 5.4^{0.4}
\]

Estimate:

- \(4650^{0.8} \approx 4650^{0.8} \approx 1500\)
- \(5.4^{0.4} \approx 1.86\)

Thus,

\[
Nu \approx 0.023 \times 1500 \times 1.86 \approx 0.023 \times 2790 \approx
64.2
\]

The convective heat transfer coefficient (\(h\)):

\[
h = \frac{Nu \times k}{D} = \frac{64.2 \times 0.65}{0.005} \approx 8358 \,
\text{W/m}^2\text{·K}
\]

Features:

- High heat transfer coefficient indicates efficient thermal exchange.
- Turbulent flow significantly enhances heat transfer compared to laminar
flow.

---

Pressure Drop and Pumping Power

Flow resistance in the tube results in pressure drops, which require energy
input.

Darcy-Weisbach Equation

\[
\Delta P = f \times \frac{L}{D} \times \frac{\rho V^2}{2}
\]

Where \(f\) is the Darcy friction factor, estimated via the Colebrook



equation for turbulent flow:

\[
\frac{1}{\sqrt{f}} = -2 \log_{10} \left(\frac{\varepsilon / D}{3.7} +
\frac{2.51}{Re \sqrt{f}}\right)
\]

Assuming a smooth pipe (\(\varepsilon \approx 0\)), the Blasius approximation
applies:

\[
f \approx 0.316 \times Re^{-0.25} \approx 0.316 \times 4650^{-0.25} \approx
0.316 \times 0.133 \approx 0.042
\]

Calculating pressure drop:

\[
\Delta P = 0.042 \times \frac{13}{0.005} \times \frac{992 \times 0.3^2}{2}
\]

\[
\Delta P \approx 0.042 \times 2600 \times 44.66 \approx 0.042 \times 116,116
\approx 4873 \, \text{Pa}
\]

Implications:

- Significant pressure drop demands a pump capable of overcoming this
resistance.
- Energy efficiency considerations are crucial for long-term operational
sustainability.

---

Practical Applications and Design
Considerations

This system's analysis is vital in multiple real-world contexts, including
heat exchangers, microfluidic systems, and piping networks.

Design Features

- Flow Control: Ensuring turbulent flow for high heat transfer efficiency.
- Material Selection: Using corrosion-resistant materials compatible with
water at 45°C.



- Pump Sizing: Accounting for pressure drops to select appropriate pumps.
- Insulation: To minimize heat loss or gain from the surroundings.
- Scaling and Fouling: Regular maintenance to prevent buildup that could
alter flow dynamics.

Pros and Cons

Pros:

- Enhanced heat transfer due to turbulence.
- Compact size given the small diameter.
- Well-understood physics facilitates optimization.

Cons:

- Higher pressure drops increase operational costs.
- Risk of erosion or noise at high velocities.
- Limited flow capacity due to small diameter.

---

Additional Considerations

- Flow Stability: At Re > 4000, flow may become unsteady; designers should
consider flow pulsations or vibrations.
- Temperature Effects: Elevated temperatures reduce water viscosity,
potentially increasing Re and turbulence.
- Scaling Up: For larger systems, similar principles apply but require
adjustments for flow rates, pressure, and thermal loads.

---

Conclusion

The analysis of water entering a 5-mm-diameter and 13-m-long tube at 45°C
with a velocity of 0.3 m/s reveals a turbulent flow regime with significant
heat transfer capability. The detailed calculations of Reynolds number,
Nusselt number, heat transfer coefficient, and pressure drop provide critical
insights for engineers designing thermal systems involving microtubes or
small-diameter piping. While turbulent flow enhances heat exchange
efficiency, it also introduces higher pressure losses, demanding careful pump
selection and system optimization. Understanding these dynamics ensures
reliable operation, energy efficiency, and effective thermal management in
various industrial applications.



---

In summary:

- The flow is turbulent, favoring heat transfer but increasing pressure drop.
- Heat transfer coefficients are high, beneficial for heat exchange
processes.
- Pressure drops are substantial, necessitating appropriate pumping
solutions.
- Practical system design must balance thermal performance with energy costs
and maintenance.

This comprehensive review underscores the importance of integrating fluid
mechanics and heat transfer principles for effective system design and
operation involving water flow in small-diameter tubes at elevated
temperatures.
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